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Magnetization profile in antiferromagnetically coupled recording media
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We report polarized neutron reflectiviffPNR) studies of antiferromagnetically couplé¢dFC)
magnetic recording media with the aim of understanding how the two ferromagnetic layers switch
magnetization direction. The PNR measurements were conducted at applied magnetic fields from
near saturation to near the coercive field of the upper layer. From the PNR spectra, we obtain the
magnetization profile of the AFC media. The results verify that the lower layer is aligned antiparallel
to the magnetically hard upper layer in low fields. However, the magnetization of the upper layer
shows an unexpected decrease as the lower layer reverses direction, which indicates that the
interaction between the upper and lower layers is more complex than previously thougb05©
American Institute of Physic§DOI: 10.1063/1.1906300

The areal density in magnetic recording disk drives hagoupled via a 0.7 nm Ru layer. Figuréal shows the major
been increasing rapidly in the past decade. This has traditioritysteresis loop for the AFC medigolid line). The arrows
ally been accomplished with a scaling approach by reducinghow the magnetization configuration of the layers at several
the magnetic media thickness and the bit size, while keepingoints along the loop. At large applied fields, the AF cou-
the number of grains per bit approximately constant. As aling is overcome and the magnetization in the ferromag-
result, the grain volumes have become so small that thermailetic layers is parallel to the field. As the field is reduced, the
degradation of the magnetic media is a now significanthinner, lower layer first reverses Ht=H, to become anti-
concern-? Recently, antiferromagnetically couplddFC) parallel to the thick, upper layer. As the field is further re-
recording media were introduced to improve thermal stabilversed,F switches and both layers are again parallel to the
ity at high recording densitié$ and are the present pathway field. While this explanation of the magnetic reversal is
to densities beyond about 100 Ghitg/i AFC media are
comprised of two granular, ferromagnetic layers separated by

a thin Ru layer whose thickness is tuned to antiferromagneti- 08¢
cally couple the layers together. These media have a lower = o4
net areal remanent magnetic moment density and are ther- §
mally more stable than equivalent single layer média 0 g2 o
Here, we describe polarized neutron reflectivlBNR) mea- £
surements of the depth-resolved profile of the magnetization 3 -0.4
in AFC media. In contrast to previous studies that only mea-
sure the integrated magnetization, PNR allows us to distin- -0.8
guish the magnetization in each ferromagnetic layer. Our - ' '
. ; . . 6001 (1, 5
goal is to obtain a clearer picture of the reversal mechanisms (b) 2
in the thin lower layer and the thick upper recording layer. _ 4o . é L
The medium used in this stutfywas deposited onto a & 2001 = -
glass substrate with various seed and underlayers to give a N L 8 o lower layer
L% ; : 12,13 . £ = upper layer
strong(1120) preferred orientatiori'**and with a CNx pro- o -200 -
tective surface film. The upper magnetic Ia{/layer Fy with —400
areal remanent moment densiéyt,, whereMr is the rem- o5 2
o h -600| o =0 .
anent magnetization and the thickness 120 A) was a : ' '
-8000  -4000 0 4000 8000

Cog3Pt,Cry¢Bg alloy with nominalMrt,=0.38 memu/crf
while the lower magnetic layeflayer F| with Mr t, and
t=~30A) was a Cgry, alloy with nominal Mrit,  FIG. 1. (a) Magnetic hysteresis loop for AFC media. The solid line shows

=0.17 memu/crfi These were antiferromagnetically the SQUID areal magnetization densitylt), while the open circles show
PNR results. The arrows show the nominal magnetization configuration of

the layers at several pointd) Layer-resolved magnetization for upper layer

H [Oe]

¥Electronic mail: mftoney@slac.stanford.edu (closed squargsand lower layer(open circles In all cases, data were ob-
DAlso at University of California, Irvine, California. tained with the applied field decreasing from saturation.
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FIG. 3. Magnetization profil®(z), wherez is distance normal to the media
- surface and the origin is the top of the CNx layer. As the applied magnetic
Q@A) field decreases from 6600 to —3000 Q(z) decreases from top to bottom.
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FIG. 2. PNR spectra at 6600, 70, and —800 (@gquares, diamonds, and

circles, respectively (a) Parallel-parallel PNR, R&+). (b) Antiparallel- : : e : : _
antiparallel PNR, R-—). The spectra have been offset for clarity. Solid lines were fit using a modification of the Parrait formalism as de

show the best fits 1o the data. scribed in Refs. 16,17. It is the overall agreement between
the PNR spectra and the fit that is important in the data
analysis. As a starting point to the fitting, x-ray reflectivity
qualitatively correct, the specific behavior of the individual was used to obtain layer thicknesses, electron densities, and
layers is often inferred from magnetization measurements ahterfacial physical roughnesses, which were used as input
the composite system. The PNR measurements, which prder the refinement of the PNR data. Overall the agreement
vide information about the depth dependence of the magnedsetween the structural parameters obtained by refinement of
tization, give a more detailed understanding of the reversahe x-ray and neutron data is quite good. The best fits to the
process. neutron data are shown by solid lines in Fig. 2 and model the
The PNR data were obtained at the NG-1 reflectometedata well.
at the NIST Center for Neutron Research at the National Before discussing the results of the modeling, it is im-
Institute of Standards and Technolo@@aithersburg, M)  portant to note that the PNR and x-ray reflectivity methods
using a neutron wavelength of 4.75 A. The scattering planeverage laterally over the in-plane instrumental coherence
was horizontal, and the neutrons were polarized in the vertitength, 100 and 2um, respectively. Hence, physical rough-
cal direction, in the plane of the thin film disk, using super-ness across the sample plane will tend to smear the layers
mirror polarizers that select one of the neutron spin statesogether on average, and very thin layéesy., the Ru cou-
Typical polarization efficiencies exceeded 97%. The datgling layep will not be distinct. Figure 3 shows the magne-
were normalized and corrected for detector and polarizer etization profilesM(z) obtained from the best fits to the data
ficiencies as described in Ref. 14. The diffuse backgroundsolid lines in Fig. 2; herez is the distance normal to the
was subtracted from the data, and care was taken to ensuigedia surface with positive into the media, and the origin is
proper alignment of the disk sample. X-ray reflectivity dataarpitrarily set as the top of the CNx layer. Each layer is
were obtained on a lab-based source using Gu'K modeled as a square wave with the interface region described
We measured all four PNR reflectivities, by an error function to account for interfacial roughness. The
R(++), R(--), R(+-), and R-+), where the + and - signs Ru layer is at about 220 A and the apparent nonzero magne-
designate, respectively, parallel and antiparallel polarizationgization on this layer is due to the roughness effect described
of the incident and reflected neutrons relative to the applieébove. These depth-dependent magnetic profiles constitute
field. The R++) and R--) nonspin flip reflectivities con- the major result of these experiments, and have not been
tain contributions from both the chemical film structure andreported for AFC media before.
the component of the magnetization along the applied field. From these magnetization profil€Sig. 3), we can first
Specifically, the difference in R+) and R--) is directly  extract the net areal magnetic moment density, which is the
related to the parallel magnetization component. The spiitegral of the magnetization times total media thickness.
flip reflectivities R+-) and R-+) depend on the component These values can be directly compared to the superconduct-
of magnetization perpendicular to the field directt8rzor ing quantum interference devidS&QUID) data. These are
all applied fields, these vanished for our AFC sample; henceshown in Fig. 1a), where the line is the SQUID data and the
as expected, there is no magnetization component perpesguares are from the PNR. As is apparent, there is excellent
dicular to the field. agreement, which provides confidence in the PNR results for
The squares, diamonds, and circles in Figa) and Zb)  the individual magnetic layers. In similar comparisons be-
show, respectively, &+) and R—--) at applied magnetic tween PNR and other bulk magnetometry methods, good
fields of 6600, 70, and —800 Oe. As is apparent, there is aagreement has also been foufid®
applied field dependence to botti#=) and R—-) (e.g., see Focusing on the behavior of the individual magnetic lay-
near 0.04 and 0.08 &) and these are different from each ers in Fig. 3, the magnetization of the upper and lower layers

other(e.g., see near 0.03 and 0.08'A These PNR spectra is shown in Fig. 1b). The plotted values correspond to the
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amplitude of the square wave that describes each legr  more, we find remanent lower and upper layer areal magne-
Fig. 3). We note that the reflectivity fits are quite sensitive totization densities of 0.17+0.03 and 0.33+0.03 memu,cm
these individual layer moments. As is apparent, the magnen good agreement with the nominal valu€8.17 and
tization of the CoCr alloy lower layeopen circles in Fig. 0.38 memu/crf respectively.
1(b)] reverses sharply aftl,,=~500 Oe. This is consistent In summary, we have used PNR to obtain the magneti-
with the behavior expected for an CoCr layer with inter- zation profile for AFC magnetic recording media, permitting
granular exchange couplir?g'l.'he reversal further verifies the us to distinguish the magnetization in each layer. We find
antiparallel alignment of the upper and lower layers in lowgood agreement between the net areal remanent magnetiza-
fields. tion density determined from PNR and SQUID, providing
For the upper CoPtCrB layer, the magnetization isconfidence in our depth-dependent results. The PNR data
shown by the closed squares in Figbjl Interestingly, we  show that the field dependence of the magnetization of the
observe that as the applied field is reduced from 6600 Oe tywer layer is consistent with that expected for a layer with
approximately 580 OeMy remains relatively flat aMsy  intergranular exchange coupling. The field dependence of the
=400 emu/crit However, near the reversal field for the ypper layer magnetization during reversal of the lower layer
lower layer (Hex~500 Og, the magnetization of the upper goes not follow simple expectations for a layer with magneti-
layer abruptly drops to approximately 300 emu?crand  cally decoupled grains and high anisotropy that is antiferro-
then gradually decreases as the field is decreased tqnagnetically coupled to the lower layer, but instead shows
—3000 Oe. The drop ne#t,, is surprising because the mag- an abrupt reduction atls,. The coupling of the upper and
netization of the upper layéwhich has magnetically decou- |ower layers during reversal may thus be more complex than

pled grains and high anisotropys expected to decrease previously assumed and may include interactions from do-
gradually through this entire field range. Instead, our resultg,5in walls in the lower layer.

indicate that the magnetic state of the upper layer is influ-

enced by the magnetic state of the lower layer during its  Portions of this research were carried out at the Stanford
reversal in a way that is not expected from simple modelsSynchrotron Radiation Laboratory, a user facility operated
We note that similar effects have been reported for &y Stanford University on behalf of the U.S. Department of
Cog4Fe ¢/ Cr/CorsPtCry trilayer in which the magnetic Energy, Office of Basic Energy Sciences.
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